A randomized controlled trial of ultrasound-guided peripherally inserted central catheters compared with standard radiograph in neonates AC Katheria, SE Fleming and JH Kim OBJECTIVE: The placement of a peripherally inserted central catheter (PICC) routinely incorporates tip position confirmation using standard radiographs. In this study, we sought to determine whether real-time ultrasound (RTUS) could be used to place a PICC in a shorter time period, with fewer manipulations and fewer radiographs than the use of radiographs to determine accurate placement. STUDY DESIGN: This was a prospective, randomized, trial of infants who required PICC placement. Catheters were placed using either standard radiograph, with blinded evaluation of the catheters using RTUS or with RTUS guidance, with input on catheter tip location. The number of radiographs required to confirm proper positioning, duration of the procedure and manipulations of the lines were recorded for both groups. Final confirmation of PICC placement was by radiographs in both groups. RESULT: A total of 64 patients were enrolled in the study, with 16 failed PICC attempts. Of the 48 remaining infants, 28 were in the standard placement group and 20 were in the RTUS-guided group. The mean ± s.d. gestational ages and weight at time of placement were 30±4 weeks and 1229±485 g, respectively. The RTUS use significantly decreased the time of line placement by 30 min (P ¼ 0.034), and decreased the median number of manipulations (0 vs 1, P ¼ 0.032) and radiographs (1 vs 2 P ¼ 0.001) taken to place the catheters. Early identification of the PICC by RTUS was possible in all cases and would have saved an additional 38 min if radiographs were not required. CONCLUSION: In the hands of ultrasound (US)-experienced neonatologists, RTUS-guided PICC placement reduces catheter insertion duration, and is associated with fewer manipulations and radiographs when compared with conventional placement.
INTRODUCTION
Inserting a peripherally inserted central catheter (PICC) is a routine procedure in very preterm and compromized term neonates. Currently, PICCs are inserted and advanced blindly to a predetermined length based on an external anatomic measurement of the estimated catheter pathway. To check the adequacy of the catheter positioning, chest or abdominal radiographs are taken after placement of the catheters. Frequently these catheters are not placed at optimal position the first time necessitating repositioning the catheters followed by further radiographs. This involves movement of often critically ill infants, extending time away from optimal nursing care, as well as radiation exposure. There is also a significant risk during this repositioning period, before permanently securing the line, that the catheter may become dislodged.
Several studies have attempted to identify variables that could be used to estimate position of the catheter tip and migration with movement of the limb, side of placement, vein of placement and joint positions. [1] [2] [3] Obtaining a single anterior-posterior chest radiograph is the most commonly used method used to confirm appropriate PICC position. In addition, a lateral chest radiograph may also be utilized to further delineate tip position.
However, these are static pictures of the catheter and tip position that correlates best with the limb position at the time of radiograph.
Ultrasound (US) devices are becoming increasingly available in many neonatal intensive care units as a tool the teams can use in routine clinical care without additional exposure to ionizing radiation. Many studies have demonstrated the usefulness of realtime ultrasound (RTUS) in adults in placing PICC lines. [4] [5] [6] [7] Studies have shown that RTUS can be used on neonates to find the PICC tips even with the thin catheters used in neonates. 8 Some studies strongly suggest that RTUS should be considered the gold standard to confirm correct umbilical catheter placement in neonates. [9] [10] [11] RTUS for catheter placement is not current standard of practice, however, because of limitations of cost of equipment and the perceived high degree of training required to perform RTUS routinely for catheter placement.
To date, there has not been a randomized controlled trial of RTUS-guided PICC vs standard radiograph placement in preterm or term infants. We conducted this study to determine whether RTUS guidance could be shown to accurately position the PICC tip during line placement in neonates, in addition to saving overall procedure time and number of radiographs.
METHODS

Study design
This was a prospective randomized controlled study of any infant admitted to the University of California San Diego Level III neonatal intensive care unit that required PICC placement. The period of recruitment was between October 2010 and April 2012. The University of California San Diego institutional review board approved this study, and informed consent was obtained before enrollment. Block randomization was performed by card assignment in blocks of six and placed in sealed numbered envelopes. The PICC practitioners were not blinded to the randomization, but in the standard arm they were blinded to any US observations. Newborns with vascular anomalies of the superior or inferior vena cava were excluded from the study. Infants who had been previously enrolled in the study and required a subsequent PICC line were not restudied.
Line placement
Both investigators (JK, AK) had extensive US training by neonatologists, radiologists and had been performing bedside USs for clinical care for at least 7 years.
Before the study, the investigators performed USs on 20 patients during the PICC insertion procedure to familiarize the study operators with the catheter US signal and pathway. In all cases, the catheter could be visualized and tip position determinable during the procedure.
The length of the catheter insertion was measured and determined independently by the practitioner. In our unit, optimal placement of the PICC is at the superior vena cava-right atrial junction for an upper extremity PICC and just below the inferior vena cava-right atrial junction for a lower extremity PICC. The insertion of the catheter (Vygon 1F and 2F catheters, VygonUSA, Lansdale, PA, USA) took place under sterile conditions, except that the opposite side of the sterile drape was reflected upward so the sonographer (AK or JK) could perform the US at the time of PICC placement. The lines were inserted into a peripheral vein and threaded into the central venous system. For any chest radiograph of an infant with an upper extremity PICC, the arm was positioned in a neutral 451 angle to the body midline axis. For a lower extremity PICC, the leg was positioned in a relaxed, slightly flexed position. If the catheter was not readily visible by US or radiograph, one or two small flushes of normal saline or a nonionic, isotonic contrast (Omnipaque 180 mg ml À 1 , GE Healthcare, Laurel, MD, USA) 0.5 ml or less, respectively, were used. Radiographs were ordered and obtained for all study infants according to unit practice. PICC failures in our unit were defined as three consecutive unsuccessful needle attempts.
Standard arm
In the standard arm of the study, the insertion of the PICC by a PICC practitioner was performed according to routine procedural practice. Once the practitioner felt the line was in position and temporarily secured, an US of the line was performed to record the tip position of the catheter. The study sonographer (AK or JK) placed the US probe (13 MHz linear probe, Vivid-i, GE Healthcare) in a sagittal position over the mid-chest or upper abdomen to identify the superior vena cava-right atrial or inferior vena cava-right atrial junction for an upper and lower extremity placement, respectively. The PICC practitioner placing the line was blinded to this information. Adjustments were made to the lines as needed by interpretation of the radiograph. Further radiographs were performed if adjustments were needed to confirm adequate placement.
RTUS-guided arm
In the RTUS-guided arm, initial catheter insertion was performed by the PICC practitioner without the aid of US. Once the PICC was felt to be intravascular and able to advance, the US operator then evaluated the catheter position by the bedside but underneath the sterile field. If the PICC was malpositioned, the operator suggested catheter manipulations to the practitioner viewing in real time until targeted position was obtained. With optimal positioning, the catheter was secured and a radiograph was taken. In both groups if a catheter was unable to be positioned, then it was removed and the procedure considered a failed attempt. A member of the clinical team was required to deem the catheter in good position on radiograph before use.
The primary outcome measure was the time from the start of the PICC placement (or the last successful PICC attempt if multiple attempts were made) until radiographic confirmation of a PICC in good position. In each study, the start of first successful insertion attempt was considered the needle entry point when return blood flow, easy catheter advancement and/or operator confirmation were present subsequently. Additional completion times of when optimal PICC position was identified by RTUS in both groups (RTUS and standard) as well as the additional time for radiographic confirmation after securing the PICC were also recorded. The RTUS operator recorded each time using a stopwatch rounding to the nearest minute. The total insertion catheter length was recorded as per current practice by the nursing staff. In addition, the number of total radiographs taken was recorded. The RTUS findings were documented electronically and compared with radiographs for catheter placement. In addition, after positioning and radiograph confirmation, the final position of the PICC was evaluated by RTUS.
Important secondary outcomes recorded included the number of radiographs taken, number of manipulations of the PICC line, catheter movements with various arm and leg positions and infant temperature. For the purposes of this study if a two-view radiograph was needed (as is our unit policy for lower extremity PICC lines), they were counted as a single radiograph event.
Statistics
We postulated a 25% reduction in the time to place PICC lines with a s.d. of 45 min. Given a two-sided test with alpha 0.05 and power of 0.8, we estimated a sample size of at least 18 infants in each group would be able to demonstrate this difference. Data were tested for skewed distributions using SPSS (IBM, Armonk, NY, USA). All major outcomes were compared using Student's pair t-test for normally distributed data and Mann-Whitney's U for non-normally distributed data. The need for additional manipulations or radiographs were compared using w 2 -or Fisher's exact test.
RESULTS
A total of 64 patients were enrolled in the study, with 16 failed PICC attempts. Of the 48 remaining infants, 28 were in the standard placement group and 20 were in the RTUS-guided group. Of the 16 failed attempts, 12 patients were randomized to the RTUS-guided group. There were 20 successful upper PICCs (42 percent) and 28 successful lower PICCs (58 percent) in the entire group. Table 1 shows the baseline characteristics of the RTUSguided compared with the standard groups. Figure 1 depicts examples of upper and lower limb PICCs by RTUS and radiograph.
RTUS decreased the time to successful placement of the PICC line with radiograph confirmation by 40% (P ¼ 0.034), representing a saving of B30 min in procedure time (Table 2) . From the timepoint of PICC securement, the average time to obtain radiographic confirmation (take and read radiographs) was 38 min and did not differ between groups. Furthermore, we found that the need for additional radiographs (1 vs 2, P ¼ 0.001) and manipulation were higher in the standard group (0 vs 1, P ¼ 0.034). There were five infants in the RTUS group that required adjustment based upon the radiograph (Table 3) . We were able to visualize the PICC line except in two cases where the PICC tip was difficult to visualize but were seen on radiograph. In one case, the 
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PICC was partially visualized but the tip could not be located, and in another case the entire PICC was obscured by lung tissue.
DISCUSSION
PICCs have been used in the care of the critically ill neonate for over 30 years for routine fluid management and delivery of vital medications and nutrition. However, the sterile nature of the PICC placement procedure compromises the optimal monitoring and care of the infant by being under drapes, and therefore less visible and accessible to the care team. Furthermore, optimal placement is frequently not achieved with the first insertion. In this study, we found that RTUS-guided PICC placement was beneficial in reducing numerous technical end points including procedural time, additional manipulations and radiographs. We found that clinical care and line use could have resumed on average 30 min earlier with the use of RTUS. Moreover, for this study we decided to evaluate all PICC placements with radiography even when US was used because this is the current accepted standard of care for catheter placement. However, if only US was used in both groups for final placement instead of radiograph, the average time saved would be even greater for both groups, as radiographs took an average 38 min to be performed and read by the clinical team. Therefore, if RTUS was used alone for final confirmation rather than by radiograph a total time savings of B68 min could be realized along with a major reduction in radiograph use.
The challenge with placement of upper PICCs is that ideal position of the PICC line is in the lower one-third of the superior vena cava to the superior vena cava/right atrial junction, which on the smallest infants can be as little as 0.5 cm. Furthermore, in our experience we have seen PICC lines 'relax' after placement with migration toward the heart on subsequent days. Finally, our unofficial observations of PICC movement with limb manipulation during this study revealed PICC tip movements, with upper limb movement and lower movement of 2 and 3 cm, respectively.
Potential complications of incorrect PICC placement or migration include arrhythmias, thrombosis, pericardial perforation/ effusion/tamponade, pleural effusion, increased catheter fling, decreased hemodilution, vascular damage, phrenic nerve injury, chylothorax and death. [12] [13] [14] [15] [16] [17] [18] The Federal Drug Administration recommends that the PICC catheter tip not be allowed to enter the heart. Extreme caution should be given to placing PICC lines in the upper extremity in the small preterm infant. Despite every effort to avoid entry of the PICC into the heart with optimal placement by US and radiograph, one infant in the US group died from cardiac tamponade, possibly due to the PICC infiltrating the US-guided PICCs in preterm neonates AC Katheria et al pericardial space, although this was not fully concluded as the PICC was found to be in a normal position just before and after his death. In our study, both sonographers did have significant US experience. However, the increasing use of RTUS by neonatologists worldwide has not translated to any appreciable number of RTUS-trained neonatologists in the United States The inability to visualize PICC lines can be technically challenging especially with upper PICC lines. As most of the discrepancies (Table 3) between the ultrasonographer's and clinical team's assessment of the PICC occurred during the first half of the study, a learner effect may have been a factor. Another limitation of the study was the unequal distribution of upper and lower PICCs in both arms. Our sample size was too small to determine whether location of PICC placement affected the ability of RTUS to decrease the time to successful placement of the PICC line. Our study only randomized the use of US guidance and did not block stratify the location of the PICC for practical purposes of successful placement. The practitioner placing the PICC did not have prior knowledge as to the arm they were assigned until the procedure began, and therefore could not predetermine which location the PICC line would be placed into.
Finally, our study is the first randomized evaluation RTUSguided PICC placement in neonates. Similarly, our previous work demonstrated that RTUS improved the placement of umbilical catheters with a reduction of procedural minutes and radiographs. 11 Our unit has begun to use RTUS for both PICC and umbilical catheter placement. The operators remain our faculty with extensive experience in RTUS, but we are currently training our neonatal fellows and some PICC practitioners in RTUS to acquire this technical skill. At this point, the experience required to be confident in placing PICCs remains high but the expectation is that the future will bring us simpler technology and larger availability of training that will enable broader application of RTUS in the neonatal intensive care unit.
CONCLUSION
In the hands of US experienced neonatologists, RTUS-guided insertion of PICCs is a more efficient method than standard line placement. Increased familiarity with RTUS by the neonatologist through structured teaching programs are required before RTUSguided central catheter placement becomes a new standard for line placement and surveillance in critically ill neonates.
